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Introduction
Posaconazole is a highly lipophilic drug. It is one of the more 

recent triazole antifungals critical in the treatment of invasive mycoses 
[1]. It disturbs fungi growth by inhibiting cytochrome P450 lanosterol 
14α-demethylase (CYP51A1) that leads to blockage of ergosterol synthesis 
in the fungal cell membranes. The end result of this reaction is the increase 
of fungi cell membrane permeability and cessation of cell growth and 
replication [2,3]. Posaconazole is active against several organisms including 
Candida spp, zygomycota and Aspergillus spp [4,5]. 

Posaconazole is orally bioavailable and reaches plasma maximum 
concentration by 10 hours post dose, meaning that its elimination 
is rather slow and the mean of its half-life is 20 hours [6]. Similar to 
previous triazoles, posaconazole inhibits CYP3A4; however, the risk of 
drug-drug interaction is still considered to be lower compared to earlier 
drugs, partially because posaconazole elimination by CYP-pathways is 
very limited [6]. Posaconazole is excreted in the feces (76.9%), mainly 
as unchanged drug, or excreted in urine (14%) as conjugated drug 
or unchanged [6]. In vitro studies have shown that posaconazole is 
conjugated with UDP-glucuronosyltransferase 1A4 (UGT1A4) to form 
posaconazole glucuronide [7].

Several studies were reported to detect posaconazole in human 
plasma using high performance liquid chromatography (HPLC) 
especially in patients with hematological diseases [8,9]. Furthermore; 
liquid chromatography-mass spectrometry (LC-MS) was also utilized 
for the measurement of posaconazole plasma concentration in order to 
investigate its pharmacokinetics [10-12]. All these reported methods 
didn’t analyze posaconazole in different tissues and were not validated 
to be used in different organs. Applying any of these methods for 
measuring posaconazole in tissues need further validation for each 
tissue. 

Much less is known about the distribution of posaconazole into 
different tissues. However, this unresolved issue needs to be addressed in 
order to better understand the optimal dose regimens for different loci. 

In the present study we utilized LC-MS as a simple, fast and quantitative 
method for the detection of posaconazole from posaconazole-spiked 
mouse tissues, which could be employed as a model to evaluate the 
extraction and analyses of tissue concentrations. The present method 
showed high extraction yield and good reproducibility and can thus be 
used to determine posaconazole in tissue from animals and patients in 
order to determine organ toxicity. 

Materials and Methods
Chemicals and reagents

We used posaconazole (no 2976, Schering-Plough, Kirkland, 
Canada) and UK-115794 (Janssen, Buckinghamshire, UK) as an 
internal standard (I.S.), both of high purity (>99%).

All solvents were of analytical grade with purity (>99%): methanol, 
acetonitrile and formic acid (Merck, Darmstadt, Germany).

Water was purified using the Milli-Q System from Millipore 
(Milford, MA, USA).

Tissues samples from brain, heart, liver, lung and kidney were 
obtained from C57BL/6N mice at the age of 8-10 weeks (Charles 
River, Sulzfeld, Germany). All animal experiments were approved by 
the Stockholm Southern Ethical Committee on Animal Research and 
performed in accordance with Swedish Animal Welfare Law.
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Abstract
A fast and selective liquid chromatography-mass spectrometry (LC-MS) method was developed for the 

quantification of posaconazole in different mouse organs including liver, heart, brain, kidney and lung. Organs were 
homogenized and diluted in isotonic NaCl solution. Protein was precipitated using acetonitrile containing internal 
standard and analyzed. The analysis was carried out using gradient condition with mobile phases consisting of 
aqueous formic acid and pure acetonitrile. Analysis was run at a flow-rate of 0.51 mL/min. The method was selective 
with a limit of quantification of 0.5 µg/mL in homogenate at a sample volume of 100 µL. The standard curve was 
linear over a concentration range of 0.5-10 µg/mL for all organs. The inter-day and intra-day coefficient of variation 
values were all less than 15%. Hence, the method is suitable for use in pharmacokinetic and bioavailability studies 
of posaconazole in tissues.
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Instrument

The LC-MS system consisted of an Agilent 1100 MSD (Santa Clara, 
CA, USA) equipped with an Agilent 1100 LC system (Santa Clara, CA, 
USA). The reversed-phase column used was Phenomenex Kinetex C18 
(2.6 µm particle size, 50 mm length, 0.21 mm ID, Torrance, CA, USA).

Standard solutions

Stock solutions of posaconazole and I.S. were prepared in methanol 
(500 µg/mL and 1000 µg/mL, respectively) and stored at -20°C. A 
working I.S. solution was prepared at a concentration of 150 ng/mL 
in 0.1% formic acid in acetonitrile and was kept at +6°C until sample 
preparation.

Standard curve and quality control samples

A serial dilution technique was employed to obtain the final 
standard concentration in the range of 0.48-10.07 µg/mL for all organs 
except heart and lungs (0.51-10.14 µg/mL). Calibration curves were 
prepared daily. Quality control samples at two levels were also prepared 
daily from independently prepared stock solutions in mouse tissues.

Sample preparation

Pre-weighted mouse organs including liver, heart, brain, kidney 
and lung were placed in 0.9% NaCl and homogenized by probe 
sonication for up to 5 minutes depending on the tissue type. After 
sonication, NaCl volume was adjusted to 1:6 w:v, except for the heart 
which was adjusted to 1:10 w:v. Posaconazole was added at different 
concentrations for standard curves and quality controls (QCs).

Extraction procedure

Acetonitrile containing internal standard (200 µL) was added to 
100 µL of homogenate/sample in a 2 mL glass HPLC vial and then 
vortexed for at least 20 seconds. After centrifugation at 2000 × g for 5 
minutes at ambient temperature (room temperature), 1 µL aliquot of 
supernatant was injected onto the Agilent LC-MS system.

Instrumental condition

Chromatography was performed at 40°C at a flow-rate of 0.51 mL/
min using a gradient condition. The mobile phases consisted of 25 
mM formic acid as solvent A and 100% acetonitrile as solvent B. The 
analysis was run in a gradient with an initial flow of 30% B for 4 min 
increased to 75% B, then decreased to 30% B for 1.5 min, making a total 
run of 5.5 min.

Mass spectrometry

Mass spectrometry was operated in SIM using electrospray 
ionization in positive mode at the following ions: m/z 351 for 
posaconazole and m/z 348 for the internal standard. The gas 
temperature was set at 300°C, drying gas flow at 10 L/min, nebulizer 
pressure at 25 psi and voltage cap at 3500 V.

Validation

The protocol described by Shah et al. [13,14] was employed for 
method validation. Linearity was determined through two quality 
controls (QCs) including blanks for each tissue. Results were taken 
from inter-day precision for 5 organs. Standard and control were 
calculated separately against the calibration curve from the same tissue. 
The quantification analysis was based on the ratio peak height analyte/
peak height I.S. and equal weighting in a linear regression analysis 
equation. 

Low and high quality controls were run five times in pentaplicate 
in each tissue and quantitated by standard curves in the same matrix 
to evaluate the intra-day precision and the inter-day precision in each 
tissue. Each run also included blank samples for all tissues to detect 
interfering substances. Limit of detection (LOD) was theoretically 
calculated through signal to noise ratio (S/N). Stability of the analyte 
stock solution in methanol and working solution in plasma was 
established at different time points and temperatures.

Extraction recovery, matrix effect, and process efficiency were 
investigated for each organ at one concentration level. Posaconazole 
was added A) before protein precipitation, B) after protein precipitation 
and in C) initial mobile phase composition. Analyte peak area ratio of 
A/B corresponded to extraction recovery, B/C to matrix effect, and A/C 
to process efficiency [15].

Analytical data treatment

Chromatograms and all the quantitative results were measured 
using Agilent LC/MSD ChemStation software Rev. B.04.02.SP (Santa 
Clara, CA) while the statistical results were obtained using ANOVA 
(version 6.84, licensed to ACB, Dr. Anders Kallner, Dept. of Clinical 
Chemistry, Karolinska University Hospital, Sweden, qmtoolbox@
gmail.com). 

Results and Discussion
Specificity

Representative SIM chromatographs of selected tissues obtained 
from post dose human patient (post mortem) and blank mouse tissue 
are presented in Figures 1-10. No significant interfering peaks were 
detected at the retention times of the peaks of interest, neither as well 
as nor in the ion channel, in the post dose sample. The retention times 
for posaconazole and I.S. were 2.9 min and 1.7 min, respectively.

Sensitivity and selectivity

LOD was calculated as 3 times S/N, i.e. approximately 500 mAU 
(Table 1), where the S/N was approximately 166 mAU according to 
base line. The lower limit of quantification (LLOQ) was 0.48 µg/mL for 
all organs, except the heart and lungs, where it was 0.51 µg/mL (Figures 
11 and 12).

No quantifiable carry over effect in any tissue homogenate was 
found in blank samples after injection of approximately 10 µg/mL 
posaconazole; however, a larger injection volume will affect the 
symmetrical form of a chromatogram.

Accuracy and precision

Accuracy and precision for the 5 organs were established from 
the analysis of standard curves and QCs (Table 2). The standard curve 
was lineal over the concentration range 0.5-10 µg/mL for all organs. 
The average slope for every organ was 1.010 (1.004 – 1.022) while the 
average correlation for every organ was 0.997 (0.992 – 0.999).

The precision and accuracy were determined for all five organs 
in pentaplicate for intra-day and inter-day variations. The QC results 
showed a standard deviation <15% for all values obtained, including 
low and high QCs, compared to the nominal values (Tables 3 and 4).

Sample stability

Stock solution in methanol solution was stable for 12 months at 
-20°C. Moreover, working solution in plasma was also stable for 12 
months at -20°C.
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Figure 1: SIM chromatograph obtained from brain tissue of mice used as blank sample (arrow indicates the position of I.S. peak in the upper ion channel, no arrow 
of posaconazole in the lower ion channel.
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Figure 2: SIM chromatograph obtained from post dose brain tissue of human patient (post mortem): posaconazole 0.26 µg/g tissue (0.044 µg/mL homogenate).
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Figure 3: SIM chromatograph obtained from kidney tissue of mice used as blank sample (arrow indicates the position of I.S. peak in the upper ion channel, no arrow 
of posaconazole in the lower ion channel.
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Figure 4: SIM chromatograph obtained from post dose kidney tissue of same human patient (post mortem): posaconazole 4.60 µg/g tissue (0.77 µg/mL homogenate).
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Figure 5: SIM chromatograph obtained from heart tissue of mice used as blank sample (arrow indicates the position of I.S. peak in the upper ion channel, no arrow 
of posaconazole in the lower ion channel.
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Figure 6: SIM chromatograph obtained from post dose heart tissue of same human patient (post mortem): posaconazole 1.79 µg/g tissue (0.18 µg/mL homogenate).



Citation: El-Serafi I, Pettersson T, Blennow O, Mattsson J, Eliasson E, et al. (2014) Quantitative Method for the Determination of Posaconazole in 
Mouse Tissues using Liquid Chromatography-Mass Spectrometry. J Anal Bioanal Tech 5: 193 doi:10.4172/2155-9872.1000193

Page 6 of 10

Volume 5 • Issue 3 • 1000193
J Anal Bioanal Tech
ISSN: 2155-9872 JABT, an open access journal 

MSD1 348,EIC=347.8-348.8

IS at 1.69 min

MSD 351,EIC=350.8-351.8
1                                                       1.5                                                   2                                                   2.5                                                   3                                                  3.5                                             min

1                                                       1.5                                                   2                                                   2.5                                                   3                                                  3.5                                             min

14000

12000

10000

8000

6000

4000

2000

14000

12000

10000

8000

6000

4000

2000

Figure 7: SIM chromatograph obtained from liver tissue of mice used as blank sample (arrow indicates the position of I.S. peak in the upper ion channel, no arrow of 
posaconazole in the lower ion channel.
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Figure 8: SIM chromatograph obtained from post dose liver tissue of same human patient (post mortem): posaconazole 7.46 µg/g tissue (1.24 µg/mL homogenate).
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Figure 9: SIM chromatograph obtained from lung tissue of mice used as blank sample (arrow indicates the position of I.S. peak in the upper ion channel, no arrow of 
posaconazole in the lower ion channel.
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Figure 10: SIM chromatograph obtained from post dose lung tissue of same human patient (post mortem): posaconazole 4.53 µg/g tissue (0.45 µg/mL homogenate).
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Figure 11: SIM chromatograph obtained from low standard of kidney tissue of mice: posaconazole 0.48 µg/mL in homogenate.
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Figure 12: Additional SIM chromatograph obtained from low standard of lung tissue of mice: posaconazole 0.51 µg/mL in homogenate.
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Tissue S low concentr Measures height, 
mAU

Theoretical LOD 
concentration

Brain 0.48 mg/L 58000 0.004 µg/mL
Liver 0.48 mg/L 45000 0.005 µg/mL

Kidney 0.48 mg/L 75000 0.003 µg/mL
Heart 0.51 mg/L 36000 0.007 µg/mL
Lung 0.51 mg/L 20000 0.013 µg/mL

Table 1: LOD was calculated as 3 times S/N, i.e. approximately 500 mAU.

Organ Matrix effect Recovery Process Efficiency
Brain 98% 112% 111%
Heart 101% 105% 106%
Liver 99% 110% 109%
Lung 102% 99% 101%

Kidney 102% 107% 109%
Human plasma 98% 114% 112%

Table 5: Matrix effect, recovery and process efficiency for all five organs (n=3).

Number of 
samples

Average value (µg/mL) SD CV% Accuracy (%)

Brain
Low 5 × 5 1.07 0.03 3.27 101.45
High 5 × 5 8.00 0.26 4.45 98.94

Liver
Low 5 × 5 1.12 0.08 7.32 106.48
High 5 × 5 5.17 0.19 5.03 103.66

Kidney
Low 5 × 5 1.12 0.03 2.90 106.46
High 5 × 5 6.52 0.18 2.68 107.60

Heart
Low 5 × 5 0.88 0.04 4.37 87.14
High 5 × 5 7.17 0.37 5.35 113.20

Lung
Low 5 × 5 0.70 0.04 5.91 69.12
High 5 × 5 5.11 0.30 6.36 90.25

Table 3: Precision and accuracy for all five organs in pentaplicate for the intra-
day variations. The QC results showed a standard deviation <15% for all values 
obtained compared to the nominal values.

Control Nominal 
value (µg/mL)

Average value 
(µg/mL)

SD CV % Accuracy 
(%)

Brain
Low 1.05 1.06 0.05 4.91 101.0
High 6.06 6.00 0.37 6.10 99.0

Liver
Low 1.05 1.13 0.12 10.64 107.6
High 6.06 6.42 0.31 5.54 106.0

Kidney
Low 1.05 1.12 0.05 4.66 106.7
High 6.06 6.52 0.32 4.91 107.6

Heart
Low 1.01 0.88 0.06 7.09 87.1
High 6.33 7.17 0.50 7.01 113.3

Lung
Low 1.01 0.62 0.07 11.73 61.4
High 6.33 5.97 0.41 6.90 94.3

Table 4: Precision and accuracy for all five organs in pentaplicate for the inter-
day variations. The QC results showed a standard deviation <15% for all values 
obtained compared to the nominal values.

Standard nominal 
value (µg/mL)

Standard measured 
value (µg/mL)

Accuracy %

Brain

0 0 100.0
0.48 0.44 91.7
2.42 2.36 97.5

10.07 10.09 100.2

Liver

0 0 100.0
0.48 0.55 114.6
2.42 2.30 95.0

10.07 10.10 100.3

Kidney

0 0 100.0
0.48 0.48 100.0
2.42 2.39 98.8

10.07 10.08 100.1

Heart

0 0 100.0
0.51 0.35 68.8
2.54 2.75 108.3

10.14 10.10 99.0

Lung

0 0 100.0
0.51 0.52 102.0
2.54 2.52 99.2

10.14 10.14 100.0

Table 2: Accuracy and precision for the 5 organs were established from the 
analysis of standard curves and QCs (n=5).

A high control of plasma was exposed to normal light at room 
temperature for 24 and 48 hours respectively and analyzed in triplicate; 
the recovery was calculated to 101.4% at 24 h and 101.9% at 48 h 
showing no sign of degradation.

Extraction recovery

Matrix effects were determined in triplicate at one level by analyzing 
supernatant from 5 different tissues spiked with posaconazole against 
a solution of 40% acetonitrile in aqueous 25 mM formic acid spiked 
with posaconazole. All organs had almost the same effect (98-102%) 
indicating minimal interference from the matrix effect in the samples 
(Table 5). 

Recovery of the analyte was determined in triplicate at one level 
by analyzing blank biological fluids from 5 different tissues spiked 
with posaconazole against supernatant by the same fluids spiked with 
posaconazole. All organs had good recovery (99-114%) compared to 
the unextracted analytes (Table 5).

Process efficiency was determined in triplicate at one level by 
analyzing blank biological fluids from 5 different tissues spiked with 
posaconazole against a solution of 40% acetonitrile in aqueous 25 mM 
formic acid spiked posaconazole. Results showed high efficiency in all 
organs (101-112%) (Table 5).

Conclusion
We developed and validated a sensitive LC-MS procedure with 

selective ion monitoring by single quadrupole mass spectrometer for 
the determination of posaconazole in different tissues. The reported 
method offers several advantages such as a rapid and simple extraction 
scheme, improved sensitivity, short chromatography run time, and 
the ability to work with very small homogenate sample volume. This 
makes the method suitable for use in settings where normal doses are 
administered, and/or where there are limitations to the amount of 
tissue that can be collected.

During the method development, some degradation was observed 
when spiked standard samples and QCs samples were stored in 
homogenate for a long time in the freezer (-20°C). This might cause 
complications, and therefore the standard samples and quality controls 
have been prepared daily in order to avoid degradation.

We managed to measure up to approximately 10 µg/mL 
posaconazole using LC-MS with consistent linearity in calibration. 
¼ of the sample should be diluted with ¾ blank tissues. Substances 
showed good stability for up to 48 hours in room temperature.

Posaconazole is known for its organ toxicity in clinical situations, 
and the present method is simple, robust and reliable. It can be easily 
adapted to determine tissue concentrations of posaconazole.
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